ABSTRACT Post-traumatic stress disorder (PTSD) is associated with poor health but there is a gap between need and receipt of care. It is useful to understand where to optimally locate in-person care and where video-based PTSD care would be most useful to minimize access to care barriers, care outside the Veterans Affairs system, and total costs. We developed a service location systems engineering model based on 2010 to 2020 projected care needs for veterans across New England to help determine where to best locate and use in-person and video-based care. This analysis determined specific locations and capacities of each type of PTSD care relative to patient home locations to help inform allocation of mental health resources. Not surprisingly Massachusetts, Connecticut, and Rhode Island are well suited for in-person care, whereas some rural areas of Maine, Vermont, and New Hampshire where in-patient services are infeasible could be better served by video-based care than external care, if the latter is even available. Results in New England alone suggest a potential $3,655,387 reduction in average annual total costs by shifting 9.73% of care to video-based treatment, with an average 12.6 miles travel distance for the remaining in-person care.
INTRODUCTION
Post-traumatic stress disorder (PTSD) is a serious mental health disorder that results in significant effects on physical and social well-being.
1,2 PTSD is common among Americans with a prevalence of 3.7% in the general population, yet only 7% of those affected seek treatment in their first year, with a lifetime treatment-seeking rate of just over 50%. 3, 4 Given the vast medical and social costs of untreated or undertreated PTSD, there is a critical need to improve access to the most effective treatments. [5] [6] [7] However, access to treatment, particularly for those residing in rural areas, is a practical issue. This is even more the case for both active duty and veteran populations, with recent estimates from the wars in Afghanistan and Iraq indicating 13.8% of those who served developed PTSD. 8 Innovative treatment modalities, such as telehealth or video-based services, hold great promise to increase access to important effective mental health treatment services, particularly in rural areas where access to in-person mental health treatment is limited. 9 Large integrated health systems such as the Veterans Affairs' (VA) 21 regional service networks across the U.S. (Veterans Integrated Service Networks [VISNs]) can benefit from systems engineering tools to help plan the most appropriate ways to meet mental health needs of patient populations. Our aim was to apply longitudinal systems engineering care location models to help determine the optimal geographic locations and capacities for in-person care for veterans with PTSD across the New England VA network (VISN-1) and where instead video-based care would be advantageous over either expensive within-system capacity expansion or fee-based external care, if even feasible.
METHODS

Study Location
Because receipt of a PTSD diagnosis requires access to care, we used estimates of overall PTSD prevalence among VA users rather than diagnostic codes in VISN-1 to estimate PTSD prevalence. The most contemporary figures available on PTSD prevalence among VA users are derived from the current cohort of returning veterans. The VA Environmental Epidemiology Service found that 741,954 of Iraq and Afghanistan veterans had used the VA by the end of the 2011 fiscal year and that 207,954 (27.9%) of these had been diagnosed with PTSD. 10, 11 The rate of PTSD diagnosis also has been increasing over time.
12-14 Therefore, we lowered this figure to 25% since we were interested in VISN-1 users as of 2010. We multiplied the number of New England veterans who use VA health services by 0.25 to estimate the number of PTSD cases in VISN-1, producing 36,469 in 2010 and with the majority residing in Massachusetts (11, 521) and Connecticut (8, 992) . Within the VA, veterans with PTSD are treated in specialized PTSD clinics, general mental health clinics, or primary care clinics. Specialized PTSD clinics currently are located only at some of the 9 medical centers across New England. General mental health services are provided at medical centers and large community-based outpatient clinics, whereas smaller community-based outpatient clinics typically provide PTSD care either by referral to their affiliated medical center or through the use of video-based telemental health services. 15 The New England VA network consists of nine comprehensive hospital facilities (medical centers) and 39 community-based outpatient clinics. These hospital and clinics are geographically distributed throughout the New England region (Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, and Connecticut). Six of nine VA medical centers (Boston, Massachusetts; Brockton, Massachusetts; West Haven, Connecticut; Providence, Rhode Island; Togus, Maine; and White River Junction, Vermont) have specialized PTSD care teams. In 2010, 35.15% of patients who received a primary diagnosis of PTSD used specialized PTSD services and an additional 56.35% of veterans with a primary PTSD diagnosis received care in general mental health services.
Location of Patients
We determined the 3-digit zip code geographic location of each veteran in New England using administrative data from the New England VA Data Warehouse. Since relying on a diagnosis of PTSD requires access to services, we assigned a PTSD diagnosis to 25% of the patients in each zip code. Figure 1 depicts the heterogeneous geographic distribution of veterans with PTSD in raw counts (Fig. 1A ) and per square mile (Fig. 1B) across VISN-1, with the locations of VA facilities.
Location of Clinic Sites
We mapped the location of all current VA care sites in New England. Each site was characterized by its location, staffing, and clinical volume. 16 We estimated the service requirements to deliver both initial evidence-based PTSD care and ongoing treatment for the portion unlikely to remit. Taking into account non-PTSD mental services workload based on diagnostic information for all VISN-1 veterans, we used engineering optimization models to determine the optimal total amount of mental health manpower to serve each location of veterans. We determined for each facility the optimal amount of each type of PTSD care service to provide and for each PTSD patient whether service could be economically provided within a specified travel distance to any existing PTSD treatment facility. The remainder was considered candidates for video-based services as a cost-effective alternative to external care, which may not even be available within any reasonable distance.
Modeling Clinical Needs for Each Location
We used our mathematical model to assign each PTSD patient to the best close VA clinic site. Location optimization models of this type typically are used by systems engineers in many industries to determine the location of facilities relative to geographic and longitudinal demand, including some applications in health care. [17] [18] [19] This approach also can produce a more patient-centered balance between use of in-person and video-based services. Assignments of care types to sites were made regardless of current services at them, along with assignment of PTSD patients to these sites to determine who ideally should be seen where. VA goals for maximum acceptable travel distances (currently 30 miles for PTSD care) were used to determine these service locations, patient destinations, and if a particular patient could receive within-network in-person care. Those that could not receive in-person care within the VISN-1 network were considered candidates for video-based care rather than outside the VA system in a manner so as to minimize total care and delivery costs. Although the 30 mile travel threshold is defined by the VA's central office, we also repeated our analysis for other maximum distances to investigate how results might change for other thresholds. We additionally computed the clinical care and travel costs associated with each patient, aggregated by clinic site and for the region as a whole.
Other model inputs, constraints, and assumptions included:
(1) PTSD treatment preferences among VA users were assumed to be (a) 60% want evidence-based psychotherapy only, (b) 25% want medication only, and (c) 15% want both. The primary goal of the model (the objective function, in systems engineering language) was to minimize VISN-1's total cost of PTSD care while still satisfying the above travel distance requirements, treatment preferences, and logistical constraints. The following variables are calculated by our model: treatment and travel costs for patients who receive services within the VA and care costs for patients not able to obtain care at any VA clinic. VA care costs also included travel costs for distances more than 30 miles, based on the VA's travel reimbursement policy. An overview of our mathematical model is given in Table I .
RESULTS
Data and Parameters
The location of VA users with PTSD in New England was determined using 3-digit zip codes. Distances between each • Noncoverage cost is calculated for patients that are not covered by any VA facility.
Constraints
Subject to • Each patient 3-digit zip code can be assigned to at most 1 VA facility.
• A patient can be assigned to a facility if and only if the travel distance between them is within the acceptable maximum.
• The total number of psychotherapists and psychiatrists needed in each facility (i.e., specialized PTSD, generalized mental health, and primary care clinics) is calculated based on the number of patients assigned there to receive care. 3-digit zip code and all VA clinics then were determined. Future PTSD care demand for the next 10 years was estimated via the VA's veteran population VET DATA projections (http://www.va.gov/VETDATA/Veteran_Population.asp), which estimates significant decreases over the next 20 years because of aging veteran populations and smaller modern military sizes. Total need estimates for each future year were geographically distributed among all 59 VISN-1 zip codes based on current relative proportions. Since locations of care services, capacities, and patient routings are interdependent, our model then simultaneously and optimally located each type of PTSD care to each candidate facility, determined the optimal capacities for these services at each facility, and determined the optimal facilities at which PTSD patients at each 3-digit zip code should receive their care if possible within 30 miles. Figure 2 shows the trade-off between maximum acceptable driving distance, total minimal cost, and access for the estimated 2010 PTSD care demand. Also shown is the current situation for comparison, estimated based on current patient allocations, which has an 11.08% ($10.9 million) higher cost and 56.26% lower access than the optimized case even with no telehealth service, because of current suboptimal system design. Using telehealth services where demand cannot be covered by the VA within the acceptable distance of 30 miles, rather than providing care at non-VA facilities, would result in further savings for 2010 of $4,001,664 (4.04%) given the same access coverage, or alternately a roughly 50% reduction in maximum driving distance to 30 miles given the same cost. Repeating this analysis for 2010 to 2020 produces a potential average estimated savings across all 10 years of $9.8 million/year by optimizing the current care system and an additional $3,655,387 per year by using telehealth. Note that all demand can be covered by the VA if a maximum acceptable driving distance of more than 60 miles is allowed. This, however, causes a 45% increase in average driving distance per patient that exceeds the VA's maximum travel distance policy (30 miles for PTSD care). Table II summarizes the resulting optimal locations of in-person PTSD services and the number of psychotherapist and psychiatrist FTEs required at each site to provide this care. As shown, rural pockets of Maine, Vermont, and New Hampshire would be better served with video-based mental health services since demand in these areas cannot be covered by any of the VA facilities. In Massachusetts, Connecticut, and Rhode Island, there is sufficient need and access for in-person PTSD services, with the possible exception of the medical center located in Jamaica Plain, Massachusetts, which might be treated in the next closest location instead since only an estimated 17 patients here will need care during the year. Figure 3 illustrates how optimal within-network and video-based care locations change if some other maximum travel distances (15, 30, 45 , 60 miles) were allowed. Finally, Figure 4 summarizes future projected needs for PTSD treatment by therapists and psychiatrists, along with the estimated number of veterans needing PTSD care. As expected, the number of providers required decreases over the next 20 years as a result of shrinking veteran population projections, whereas zip codes that would be better served with video-based services remain the same.
Model Results
DISCUSSION
This study illustrates the potential value of the use of systems engineering models to help design an overall system that provides appropriate access and considers patient needs and preferences, at minimal cost. A few limitations include logic, data, and preference assumptions in our model. For example, we assume providers trained in treating PTSD are available or could be relocated to each clinic site, which may not be possible immediately, in which case results can represent an upper bound on maximal potential savings for benchmark comparison; additional or temporary reliance on telemental health services also may be possible. The few trials that compared the effectiveness of in-person versus remote PTSD treatments did not detect differences but also were not powered to determine noninferiority. 23 -25 Assumptions regarding patient treatment preference also were based on a pilot sample 20 and were assumed to be equally distributed across the patient population. Rural patients instead, for example, may have higher preference for medication treatment. It also is not clear that all VA users have a preference for or an understanding of evidence-based psychotherapy. Although the VA follows guidelines that promote evidencebased treatment, 21, 22, 26 the definition of evidence-based psychotherapy is not universal and instead for example could be defined as listed in the National Registry of Evidence-based Programs and Practices. 27, 28 The recent Re-Engineering Systems of Primary Care Treatment (RESPECT)-PTSD trial 14 also showed the difficulty of implementing evidencebased care for PTSD by primary care providers. In addition to psychiatrists, medications also can be prescribed by nurse practitioners, physician assistants, or primary care physicians and therefore our medication-prescribing estimate may be conservative. Finally, our results have based only on the New England VA network, although the general value of this approach seems generalizable to all VISNs.
CONCLUSION
This study highlights the need and value of appropriate allocation of PTSD services for veterans. Results can be useful as input for informing PTSD resource planning within the U.S. Department of Veteran Affairs. Access to care is a particular concern for veterans who are unable to readily access PTSD treatment, such as those living in rural environments. In such cases, new treatment modalities such as telehealth (i.e., via video conference) can be considered. Such treatment actually may be preferred by some veterans given it increases convenience and reduces privacy concerns.
For the VA population, most clinic sites have sufficient volume to justify in-person staff for face-to-face PTSD treatment. There are a small number of community-based clinics, however, whose estimated demand is insufficient to justify in-person staff. For these sites, our analysis suggests that PTSD treatment needs would be better met by video-based services. In general, these sites were in rural or highly rural regions of New England, primarily in central Vermont, southwestern New Hampshire, and much of northern Maine. All other areas have sufficient need to support in-person services, assuming availability. Additional research could examine if teletreatment modalities affect treatment retention among veterans or the active duty population. More generally, use of operations research and systems engineering methods appears useful to help inform these types of macro system design and policy issues. Similar analyses for the location of other evidence-based mental health services therefore also may be similarly beneficial.
